Short Abstract: 42 Detailed instructions on how to build, calibrate and collect research quality data from PARbar 43 ceptometers are presented. 44 Long Abstract: 45 Ceptometry is a technique used to measure the transmittance of photosynthetically active 46 radiation through a plant canopy using multiple light sensors connected in parallel on a long 47
bar. Ceptometry is often used to infer properties of canopy structure and light interception, 48 notably leaf area index (LAI) and effective plant area index (PAIeff). Due to the high cost of 49 commercially available ceptometers, the number of measurements that can be taken is often 50 limited in space and time. This limits the usefulness of ceptometry for studying genetic 51 variability in light interception, and precludes thorough analysis of, and correction for, biases 52 that can skew measurements depending on the time of day. We developed continuously 53 logging ceptometers (called PARbars) that can be produced for USD $75 each and yield high 54 quality data comparable to commercially available alternatives. Here we provide detailed 55 instruction on how to build and calibrate PARbars, how to deploy them in the field and how to 56 estimate PAI from collected transmittance data. We provide representative results from wheat 57 canopies and discuss further considerations that should be made when using PARbars. the beam fraction of incoming PAR (fb), the leaf absorptance (a) and the effective canopy 70 extinction coefficient (K); K in turn depends on both the solar zenith angle (θ) and the leaf angle 71 distribution (χ) 1,4-6 . It is common practice to correct for these effects. However, there are other 72 biases that have not received due consideration in the past due to methodological and cost 73 limitations.
75
We recently identified significant time-dependent bias in instantaneous ceptometry 76 measurements of row crops, such as wheat and barley 7 . This bias is caused by an interaction 77 between row planting orientation and solar zenith angle. To overcome this bias, continuously 78 logging ceptometers can be mounted in the field to monitor diurnal cycles of canopy light 79 interception and then daily averages of τ and PAIeff can be calculated. However, continuous 80 measurements are often unfeasible due to the prohibitively high cost of commercially available 81 ceptometers -often several thousand US dollars for a single instrument -and the requirement 82 for measurements of many field plots. The latter is particularly evident in the '-omics' era 83 where many hundreds of genotypes are required for genomic analyses, such as genome wide 84 association studies (GWAS) and genomic selection (GS) (for review see Huang & Han, 2014 8 ). 85 We recognised that there was a need for cost-effective ceptometers that could be produced in 86 large numbers and be used for continuous measurements across many genotypes.
88
As a solution we designed easy-to-build, high-accuracy ceptometers (PARbars) at a cost of USD 89 $75 per unit. PARbars are built using 50 photodiodes that are sensitive only in the PAR 90 waveband (wavelengths 390 -700 nm), with very little sensitivity outside this range, negating 91 the use of costly filters. The photodiodes are connected in parallel across a 1 m length to 92 produce an integrated differential voltage signal that can be recorded with a datalogger. The The PARbars that we present in this paper were designed specifically for use in row crops, such 
